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Mid-shaft clavicle fractures have traditionally been
treated conservatively, although it is now more widely
appreciated that there is a high rate of non-union and
patient dissatisfaction with the final results of such
treatment [1]. With progress in surgical methods and
implants, surgical treatment of clavicle fractures has
become more popular. However, infection is a poten-
tial complication after such surgery, with variable rates,
from 0.4% to 7.8%, reported in the literature [2–5]. In a
recent study, Duncan et al [6] concluded that the prog-
nosis was poor and continued to concern some patients
with this condition. We sought to examine infections in
cases after treatment of clavicle fractures with recon-
struction plates in our hospital, to determine the possi-
ble causes, optimal treatments and outcomes.
CASE PRESENTATION
From January 2003 to July 2006, 142 consecutive
patients with acute mid-shaft clavicle fractures were
treated with open reduction and internal fixation
using reconstruction plates. Systemic antibiotics,
cefazolin and gentamycin, were used for 1–2 days
postoperatively. Physiotherapy and range of motion
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Mid-shaft clavicle fractures have traditionally been treated conservatively, although this has been
associated with non-union and unsatisfactory shoulder function. The preferred approach is plate
fixation, with a reconstruction plate for open reduction and internal fixation. Infection is a poten-
tial complication after such surgery, with rates of 0.4–7.8% reported in the literature. In our cases,
an infection rate of 4.9% (7 of 142 patients) was noted; five of the seven patients suffered from
acute postoperative infection within 1 month of surgery. The average time to presentation with
an infection was 28 (23–32) days, with signs and symptoms of wound dehiscence in one patient
and sinus discharge in four patients. Two patients suffered from subacute infections, with dura-
tions of 72 and 103 days, presenting with local heat and radiographic findings of screw loosening.
Six of the cases healed with primary bony union after intensive debridement and early removal
of the implants.
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exercises were started immediately after surgery, and
the upper extremities were protected under a shoulder
sling for 4 weeks. The follow-up interval was 4 weeks,
until union of the fracture. At every follow-up visit, 
a chest radiograph was taken and functional evalua-
tion was conducted.
Seven cases of infection were noted. Thus, the
infection rate was 4.9% (7 of 142 patients). All seven
infections developed in patients with closed fractures.
Five patients were male and two were female; their
average age was 38.1 (18–68) years. Five of the seven
patients suffered from acute postoperative infections
within 1 month (Table 1). The average time to presen-
tation of infection was 28 (23–32) days, with signs
and symptoms of wound dehiscence in one patient
and sinus discharge in four patients. Two patients
suffered from subacute infections, with times of 72 and
103 days, presenting with local heat and radiographic
findings of screw loosening. The causative organism
was identified as Streptococcus viridans in one patient,
but there was no growth in the other cases. For treat-
ment, oral antibiotics were prescribed initially.
An indication for debridement is uncontrolled
infection after the use of antibiotics. However, eradi-
cating infection is difficult using antibiotics or by sim-
ple debridement alone (Figure 1). We had one patient
who received debridement only, without removal of
the implant, but this was ineffective; in all cases, the
implants were eventually removed, at an average of
21 (6–42) days after the identification of infection.
After adequate debridement and appropriate antibi-
otic usage, all patients recovered. At final follow-up
Table 1. Data on the seven infected patients and the microorganisms cultured
Case Gender/Age (yr)
Days from trauma Days to infection 
to surgery after operation
Microorganism
1 M/68 1 30 (–)
2 F/25 29 23 (–)
3 F/18 1 30 Streptococcus viridans
4 M/22 2 27 (–)
5 M/43 28 32 (–)
6 M/44 1 103 (–)
7 M/47 13 72 (–)
A B
Figure 1. A 22-year-old male patient suffered persistent infection after surgical debridement. (A) The implant was not removed
because there was no evidence of screw loosening. (B) The infection was eradicated after the implant was removed; 3 months later, there
was no bony union problem.
of at least 6 months after surgery, with regard to func-
tional outcomes, pain and a limited range of motion
remained in one patient with malunion (Figure 2). The
other six patients with previously infected clavicle frac-
tures healed well, with no pain and normal ranges of
motion in daily activity at the last follow-up (Table 2).
DISCUSSION
The treatment of deep infections or osteomyelitis is
often difficult. Duncan et al [6] recommended that
the surgical treatment for infection after operative
reconstruction of clavicle fractures should include
debridement of all necrotic tissues and removal of all
nonabsorbable sutures and implants. They also con-
cluded that the prognosis was poor with regard to
obtaining bony union.
In our series, however, a primary bony union
could usually be predicted and pain and decreased
range of motion did not seem to continue to affect the
patients, although one of our seven cases of infection
resulted in nonunion.
Our data showed that the time to infection from
the time of clavicular surgery may vary considerably;
five patients presented with infections within 1 month
(mean, 28 days postoperatively). Propionibacterium
acnes and Staphylococcus aureus have been proposed
to be typical causative organisms for shoulder surgical
infections [6]. One culture from our series was Strep-
tococcus viridans. Debridement plus antibiotic treat-
ment was unsuccessful, but removal of the implant
resulted in eradication of the infection in all patients.
It has been suggested that conservative treatment
of clavicle fractures is associated with a high risk of
nonunion and unsatisfactory shoulder function [7].
Infection after clavicle fracture surgery
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Table 2. Presenting signs and symptoms and results after treatment
Case Presenting signs and symptoms Treatment Last follow-up period Results
1 Discharge Implant removal 8 mo No limitation in ROM
2 Discharge Implant removal 9 mo No limitation in ROM
3 Wound dehiscence Implant removal 8 mo No limitation in ROM
4 Discharge Debridement, then 7 mo No limitation in ROM
implant removal
5 Discharge Implant removal 7 mo No limitation in ROM
6 Local heat and screw loosening Implant removal 8 mo Mild pain with limited ROM
7 Local heat and screw loosening Implant removal 7 mo No limitation in ROM
ROM = range of motion.
A B
Figure 2. A 44-year-old male patient suffered local wound heat 3 months after surgical treatment for a clavicle fracture. (A) The radi-
ographic findings showed nonunion with screw loosening. (B) Three months after the implant was removed, the radiograph showed 
a poor result.
Absolute indications for open reduction and internal
fixation of midshaft clavicular fractures are shortening
of more than 20 mm, open injury or impending skin
disruption, vascular compromise, progressive neuro-
logic loss, displaced pathologic fractures and scapu-
lothoracic dissociation [8]. The preferred approach 
is plate fixation, with either a locking dynamic 
compression plate or a reconstruction plate [2].
However, the reported complication rate is as high 
as 23% for surgery of clavicle fractures, including
infection, wound breakdown, nonunion and implant
failure [3].
The clavicle is a complex three-dimensional struc-
ture and the contouring of a plate to such a shape can
be difficult for the fixation of a fracture. The recon-
struction plate is characterized by notches between
the holes that facilitate bending into the plane of the
bone, which is recommended for fixation of fractures
over complex areas [9]. The required complex three-
dimensional contouring may be a reason that predis-
poses such implants to the risk of bacterial infection.
Soft tissue coverage is another essential considera-
tion, especially for the easily visible subcutaneous
clavicular bone. The closer the surgical wound is to
the metal implant, the higher the incidence of com-
plications, such as infection. Coupe et al [1] proposed
an infraclavicular approach for the operation; they
mentioned the importance of preserving soft tissue
attachments and allowing for the wound not to be in
contact with the plate, while maintaining good surgi-
cal access and providing a more cosmetically accept-
able scar, with fewer complications.
In conclusion, among patients who present with
infection, one should expect the need for intensive
debridement and early implant removal as standard
treatment for clavicular fracture-associated infections.
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